Most of the sexual characteristics of mammals are controlled by sex hormones released from the gonads. The primary event of sex determination is thus the differentiation of the indifferent gonad into testis or ovary. An XY or XXY chromosome constitution is normally associated with the development of a testis, and an XO or XX constitution with an ovary. The simplest model of mammalian sex determination is to assume that the Y chromosome controls the production of a substance responsible for testis formation and that in the absence of this substance the indifferent gonad develops as an ovary. But what is this substance? Wachtel et al. (1975) proposed that the sex-determining substance was H-Y antigen, known to be controlled by the Y chromosome. This hypothesis is now cited as fact in some textbooks.
Sex Reversal
Thanks to the existence of an abnormal Y chromosome in the mouse, the location of the sex-determining region has been narrowed down to a relatively small portion of the Y. In this rearranged Y chromosome, a segment close to the centromere appears to have been duplicated and transferred to the distal end of the chromosome, beyond the X-Y pairing region (Singh and Jones 1982) . As pointed out by Burgoyne (1982) , any gene in this location has a 50070 chance of being transferred to the X chromosome during the single obligatory X-Y crossover event postulated to occur during male meiosis. Of the progeny of male mice carrying the abnormal Y, 25% consist of XX individuals that develop as males instead of females. Evidently, these XX males have received the duplicated segment from their father, and since they develop as males, the testis-determining sequences must be included within this segment.
The occurrence of such XX male mice among the progeny of "carrier" males was first reported by Cattanach et al. (1971) , and the mutation presumed to be responsible for it was termed Sex-reversal (Sxr). The "pseudoautosomal" pattern of inheritance is indistinguishable from true autosomal inheritance (Burgoyne 1982) , and thus it was some years before the association of Sxr with the sex chromosomes was appreciated (Singh and Jones 1982; for review, see McLaren 1983a) . The additional segment of chromosome has now been visualized cytologically, both on the X chromosome of X/X Sxr males and on the Y chromosome of X/Y Sxr carriers . Since it can be seen under the microscope, it must include a rather large stretch of DNA.
Sex Reversal Sex-reversed
Segments of autosome translocated to the X chromosome may become inactivated, although to a variable degree, when the X to which they are attached is inactivated (Cattanach 1974) . If the segment of the Y chromosome carrying the testis-determining sequences were to become similarly inactivated when attached to an inactive X chromosome, no effect on sex ratio would be expected when inactivation is random, since we know from studies on XX/XY chimeras that considerably less than 50% of the cells in the gonad primordium need to be male-determining to ensure that the gonad develops as a testis (McLaren 1984) . However, the situation is altered if the X chromosome carrying Sxr is partnered by an X-autosome translocation such as T(X;16)I6H (hereafter termed T16H), which is expressed in all cells, with the X-chromosome partner silent. We crossed female mice heterozygous both for TI6H and for an X-chromosome marker (Pgk-l) to distinguish the progeny carrying T16H, with males carrying Sxr. The T16H/Sxr progeny turned out to be of three types: male, female, and intersex McLaren and Monk 1982) .
Although it is at first sight surprising that mice of identical chromosomal constitutions should exhibit such very different phenotypes, the situation may be analogous to that presented by XX/XY chimeras, which also include some female and intersex individuals, as well as male individuals. We postulate that the X-chromosome inactivation event spreads to a variable degree, to include the attached testis-determining sequences in some cells but not all. The T16H/X Sxr mice would thus be mosaics, made up of a mixture of maleand female-determining cells, so that the sexual phenotype of any individual embryo would be determined by the relative proportion of the two cell populations that contributed to its gonadal primordium (McLaren 1983a) . We have recently observed that the proportion of TI6H/X Sxr mice developing as females rather than males depends on the origin (perhaps the Xce type) of the inactive X chromosome (A. McLaren, unpubl.) .
The TI6H/X Sxr females ("sex-reversal sex-reversed" mice) turn out to be fully fertile and to transmit Sxr to 50~ of their progeny. By mating these females to Sxr-carrying males, we have obtained homozygous X Sxr/Y Sxr males (McLaren and Burgoyne 1983) . When such males are crossed with normal 623 XX females, they sire only sons (apart from 1% of XO daughters, in which paternal nondisjunction has resuited in loss of the Sxr-carrying sex chromosome).
HoY Histocompatibility Antigen
We have attempted to use the genetic system described above to shed some light on the identity of the mammalian testis-determining substance. H-Y antigen, central to the Wachtel et al. (1975) hypothesis, is a malespecific histocompatibility antigen, identified first by skin grafting (Eichwald and Silmser 1955) . Skin-graft rejection is a T-lymphocyte-mediated response, which can now be tested in vitro, using either T-cell-mediated cytotoxicity tests or proliferative assays based on H-Yspecific T-cell clones (Simpson 1983) . We have used skin grafting and both types of in vitro test to examine the H-Y status of X/X Sxr and TI6H/X Sxr mice. X/X Sxr males proved without exception to react positively to H-Y antigen, provided that target and responder cells shared an H-2 haplotype, since the H-Y response is restricted by H-2 (Simpson et al. 1981 . This result shows that the expression of H-Y histocompatibility antigen is controlled by DNA sequences contained within the Sxr fragment, rather than elsewhere on the Y chromosome. As expected, T16H/X Sxr males also proved to be H-Y-positive, and so too did T16H/X Sxr females, with one exception. If these individuals are indeed mosaics, containing a population of cells in which Sxr is not inactivated, it is perhaps not surprising that H-Y antigen should be present in females as well as in males. Such an observation does not in itself disprove the hypothesis of Wachtel et al. (1975) : H-Y antigen might be a necessary but not a sufficient condition for male development, or the concentration of H-Y in the indifferent gonads of the TI6H/X Sxr females might have been too low to induce testis formation.
H-Y-negative Males
The single exceptional TI6H/X Sxr female was retested, using both cytotoxic and proliferative assays, and proved obdurately negative. Breeding revealed that she was not the extreme end of a mosaic spectrum, as we had initially suspected. Rather, she appeared to carry a variant Sxr fragment, since all her female T16H/ X Sxr and male X/X Sxr or TI6H/X Sxr descendants, irrespective of their H-2 haplotype, were similarly H-Ynegative . Male descendants with a Y chromosome were, as expected, H-Y-positive. We term the variant fragment Sxr'; the pedigree has now been continued for eight generations.
We do not know whether the variant Sxr' fragment has lost, perhaps by unequal crossing over, the gene or genes controlling H-Y antigenicity while retaining those responsible for testis determination or whether the single locus assumed by Wachtel et al. (1975) to be responsible for both functions has suffered a mutational change such that the H-Y epitope is no longer expressed, but testis formation is still induced. We have recently shown (E. Simpson et al., in prep.) that H-Y negative X/X Sxr' males reject skin grafts from semisyngeneic XY males as briskly as females do. This suggests that H-Y antigen expression is absent not only in adult T cells, but also in other adult tissues and probably also in the fetus, otherwise the X/X Sxr' males would develop immunological unresponsiveness to the antigen. Thus, any mutation that has occurred is probably a structural mutation, rather than a tissue-specific or temporal regulatory mutation.
The Waehtel/Ohno Hypothesis
The existence of males that do not express H-Y antigen argues strongly against the hypothesis of Wachtel et al. (1975) . It is difficult to maintain that H-Y antigenicity is responsible for testis determination in the face of this evidence.
Female mice immunized with male tissue, however, mount not only a T-lymphocyte-mediated histocompatibility response, but also a B-lymphocyte-mediated antibody response. The anti-male antisera obtained from such females are low in titer and rather unstable, and serological assay systems used for their detection are notoriously temperamental and hard to repeat. Those who have studied the serological response (Goldberg et al. 1971; for review, see Wachtel 1983 ) have used the term "H-Y antigen" to denote the male-specific antigen that induces antibody formation in females. This begs the question as to whether the antigen(s) recognized by B lymphocytes is the same as or different from that recognized by T lymphocytes. Since there is no good evidence that the two antigens are the same, it has been suggested that the former should be termed serologically detected male (SDM) antigen (Silvers et al. 1982) .
If our H-Y-negative X/X Sxr' mice turn out to be positive for SDM, it will show incontrovertibly that two different antigens are involved. SDM will then remain a strong candidate for the hypothetical testis-inducer postulated by Wachtel et al. (1975) .
What Role for H-Y?
But if H-Y antigen is not determining maleness, what is it doing? A protein present in males but not in females could well be involved in male reproduction. H-Y-negative X/X Sxr males appear to copulate normally and show other indications of having normal testosterone levels. What about spermatogenesis? We cannot compare spermatogenesis in X/X Sxr and X/X Sxr' males, since in both, the germ cells are lost during the first few days of postnatal life. This is true of all situations in which germ cells with two X chromosomes develop as prospermatogonia within a testis (see McLaren 1983b) . X Sxr/O males, on the other hand, do show spermatogenesis, although the spermatozoa that they produce are not normal (Cattanach et al. 1971 ; Burgoyne 1984) . We therefore compared the testes of X Sxr/O and X Sxr'/O males and observed a striking difference (ES. Burgoyne et al., unpubl.) . The X Sxr/O testes, as expected, contained spermatogonia, primary and secondary spermatocytes, spermatids, and spermatozoa. In contrast, the X Sxr'/O testes contained spermatogonia but only occasional patches of cells in meiotic prophase, and no spermatids or spermatozoa.
We therefore suspect that H-Y antigen may play a role in switching male germ cells from the spermatogonial stern cell lineage into the pathway of differentiation that normally leads through meiosis into spermiogenesis.
